INTRODUCTION
Cardiovascular risk factors are implicated as risk factors for neuronal damage in healthy elderly persons and in persons with dementia. 1, 2 Parkinson's disease (PD), the second most common neurodegenerative disorder, is a disease that mainly affects the elderly, and a large proportion eventually develops PD dementia. 3 Several studies show an increasing risk for PD with age and a reduced risk in smokers. 4, 5 However, studies on the impact of cardiovascular risk factors on PD show conflicting results.
High blood levels of cholesterol and high body mass index (BMI) have been described as risk factors for PD in Finnish prospective studies. 6, 7 A large multicentre study in Finland (National FINRISK Study) found that high blood pressure (BP), both systolic (SBP) and diastolic (DBP), was a risk factor for PD among women independent of age, smoking status, total cholesterol and BMI. 8 In contrast, a prospective study from the Netherlands reported high serum cholesterol levels to be associated with a decreased risk of PD. 9 Nutritional intake based on interviews reported a decreased risk for PD in persons with cholesterol intake in the highest quartile compared with the lowest quartile. 10 A retrospective study revealed that diabetes, history of smoking, high BP and high blood levels of glucose, cholesterol and triglycerides were less frequent in PD than in controls. 11 In Rochester, Minnesota, historical information from a record-linkage system found no association between BMI, total cholesterol levels, hypertension or diabetes mellitus and later development of PD. 12 Part of the conflicting results for the role of cardiovascular risk factors as risk factors for PD may be related to methodology.
Selection bias of the study population may make the PD population more or less representative of the general PD population. Risk factor data should be collected in study cohorts before disease onset to avoid recall and other biases in the collected study material. Furthermore, the collected material should preferably reflect the period when the disease process is likely to start. Data collected several decades before disease onset may be less pertinent for the disease. The premotor phase of PD has been estimated to be around 5 years. 13 We therefore decided to compare cardiovascular risk factors collected 2-8 years before the first PD motor symptoms in a community-based PD population, with healthy controls matched for age, sex and years for data collection.
The aim of this study was to investigate whether cardiovascular risk factors differed between PD cases and controls and to assess whether the level of physical activity and smoking habits was associated with the risk of PD.
SUBJECTS AND METHODS

The PD population
The population included in this study refers to the cohort of patients diagnosed with PD (147 patients) from January 2004 through April 2009 (NYPUM study Newly diagnosed Parkinson in Umeå) in a catchment area (parts of Västerbotten county in northern Sweden) with 142 000 inhabitants. 4 All suspected cases with idiopathic Parkinsonism were referred to the only neurological department in the area. The area had no specialists in neurology working in private practice. All participants were extensively examined during repeated visits in the first month after initial contact. Information about demographics and disease history was obtained. All cases with suspected idiopathic parkinsonism underwent a standardised clinical examination by a neurologist specialising in movement disorders. To confirm the diagnosis, another specialist in movement disorders (blinded to the assessment of the previous examiner) evaluated a videotape of the patient undergoing the UPDRS III examination. 4 Patients with a diagnosis of PD were included if both examiners judged that they had fulfilled the clinical criteria for PD according to the UK Parkinson's Disease Society Brain Bank (UK PDSBB) criteria. 14 The case database obtained was crosslinked to The Northern Sweden Health and Disease Study (NSHDS) database. 15 The PD patients who had participated in the NSHDS before development of their disease were included in a nested case-control study.
The nested case-control study population
The NSHDS cohort built up by three subcohorts, the Västerbotten Intervention Project (VIP), the Northern Sweden WHO monitoring of Trends and Cardiovascular Disease (MONICA) study and the local Mammography Screening Project (MSP), was used in the selection of data from cases and controls. VIP is a population-based intervention project with a free health survey offered to all residents of Västerbotten County upon turning 30, 40, 50 and 60 years and performed at the local healthcare centre. The mean participation rate has varied over time, but it has been over 56%. 16 The MONICA project was established to monitor trends in risk factors for cardiovascular disease over time. The Västerbotten and Norrbotten Counties joined the MONICA project in 1986 with six different surveys from that year up to 2009, and 2000-2500 randomly selected inhabitants, aged 25-74 years, were selected at each screening. The mean participation rate was 77.2%. Totally, 101 790 unique subjects in the total population up to 31 December 2009 participated in the NSHDS cohort. The MSP invites all women (40-70 years of age) through mammography screenings (85% of eligible subjects) and for donation of blood sample (57% of eligible subjects or those who attended). In all three subcohorts, participants were invited to donate a blood sample. Plasma was stored at − 80°C in the Medical Biobank (Umeå, Sweden). Participants were invited to donate a blood sample to be stored in the Medical Biobank.
PD cases were identified in the NYPUM cohort described above. A total of 84 PD patients out of 147 in NYPUM had gone to the health screening at their local health-care centre before PD diagnosis. For each case, four referents/controls were selected, matched for sex, age, year of health survey, subcohort and geographic area. Referents were excluded if they have had a neurological diagnosis, stroke, cancer or death before the time of diagnosis of the index case.
The study was approved by the Ethics Committee of the Faculty of Medicine at Umeå University, Umeå, Sweden. Written informed consent was obtained from all participants.
The questionnaire and the vascular risk factors
The questionnaire used at the occasion of a health-care visit covers, besides traditional cardiovascular risk factors, socioeconomic and psychosocial conditions, self-rated health, personal health history and family history of CVD and diabetes among other important environmental conditions, including assessments of educational level, leisure activities, diet and smoking habits.
Dichotomisation was used in the assessment of the level of physical activity and smoking habits Four levels of physical activity resulted in three levels tested in relation to inactive habits. The first level was somewhat active, the second level was more active (recreational activity) and the third level was high activity, including sports and rational training.
Six levels of smoking information resulted in two groups to compare with non-smokers. The first group was current smokers and ex-smokers (smoking at certain occasions) and the second group was former smokers with former ex-smokers.
At the time of the health-care visit, serum triglycerides (S-TG), serum cholesterol, waist/height, BMI, BP (SBP and DBP) and blood glucose from oral glucose tolerance test (time 0 and after 2 h) were assessed and examined by univariate comparisons between cases and controls, and if significant, they were included in the conditional logistic regression.
Statistical analysis
Statistical analyses were performed using SPSS statistics software (version 20.0; IBM Corporation, Armonk, NY, USA). The independent samples t-test was used to test for differences between means (s.d.). The study was a nested case-control study, matched for age and sex. The risk of PD, after stratification for sex, was estimated using data after dichotomisation in the assessment of the level of physical activity and smoking habits. The risk of PD from each level of physical activity was assessed by relation to the lowest level, and it was carried out using conditional logistic regressions.
RESULTS
Cardiovascular risk factors for PD Personal characteristics and cardiovascular risk factors in all cases compared with controls are presented in Table 1 . No difference in BMI or waist/height ratio, S-cholesterol, SBP, DBP and B-glucose at time 0 or 2 h was revealed when testing for differences on group levels before or after stratification for gender.
Significantly lower S-TG (1.33 ± 0.48 and 1.52 ± 0.84, P = 0.007) and almost significantly lower SBP (130.7 ± 14.9 and 134.3 ± 16.5, P = 0.07) were found in cases (PD risk patients) compared with controls. After stratification for sex, the difference in S-TG between PD cases and controls remained significant for men (1.33 ± 0.48 vs 1.60 ± 0.88, P = 0.006), but it was not significant for women (P = 0.450). Using the total population of PD cases (n = 84) and controls (n = 336) as dependent variables in the conditional logistic regression, an increase in the S-TG level indicated a protection against PD (HR: 0.65; 95% Cl: 0.42, 0.99; P = 0.046); nonadjusted (Model I)). These results were largely confirmed by the Triglyceride levels before PD conditional logistic regression analysis including age, BMI and physical activity (Model III) for S-TG (HR: 0.61; 95% Cl: 0.39, 0.96; P = 0.033) and SBP (HR: 0.98; 95% Cl: 0.97, 0.99; P = 0.036 ( Table 2) ). The corresponding results with smoking added in the model (Model IV) was HR 0.64 (95%Cl 0.41, 1.01); P = 0.053 and (HR 0.98 (95%Cl 0.96, 0.99); P = 0.040 respectively ( Table 2) .
Physical activity and smoking habits The regression included adjustments for age, BMI and physical activity (Model III) and smoking habits (Model IV) as presented in Table 3 . Recreational physical activity (Phys act 2) was associated with an increased risk for PD (HR: 5.19; 95% CI: 1.31-20.5; P = 0.019 (Model III) and HR: 4.30; 95% CI: 1.09-17.02; P = 0.038 (Model IV)) for women but not for men. Being a former smoker was associated with a reduced risk for PD in women (HR: 0.14; 95% CI: 0.03-0.65; P = 0.012) but not in men ( Table 3 ). The HRs for activity level and smoking habits, within each of the cardiovascular risk assessments, are presented in Table 4 . Smoking and former smoking were associated with a reduced risk for PD including both women and men in the regression. Former smoking women and current smoking men were protected from PD (HR: 0.12; 95% Cl: 0.02, 0.58; P = 0.008 and HR: 0.27; 95% Cl: 0.07, 1.00; P = 0.050 respectively). Recreational activity level in women, but not in men, was associated with an increased risk for PD (HR: 4.30; 95% Cl: 1.09, 17.0; P = 0.038), as shown in Table 4 .
DISCUSSION
The disease process in PD starts several years before the first motor symptoms occur and the PD diagnosis becomes established. Estimates of the premotor period differ. Studies based on repeated positron emission tomography scans using fluorodopa F18 estimate the premotor period to be 5-6 years. 13, 17 Asking patients at the time of diagnosis or later about potential risk factors years before the initial motor symptoms is likely to be unreliable owing to the long period and owing to recall bias. Our use of data collected several years before occurrence of the first motor symptoms eliminates these methodological problems and risk of causing false results. We found significantly lower S-TG and SBP in cases that developed PD 2-8 years later, compared with age-and sex-matched controls. The inverse relation between cardiovascular risk factors and risk of PD has been reported in case-control studies from other populations. 11, 18 We found no differences in serum cholesterol levels, and in waist/height ratio, between cases and controls. The conditional logistic regression showed, in addition, a higher risk for PD with moderate physical activity in women, compared with groups with low or high activity. Thus, the results from the present study show that S-TG, SBP, levels of physical activity and smoking habits were associated with the risk of developing PD, and that these risk factors differ between women and men. A large prospective study suggests that high total cholesterol and high BMI were associated with an increased risk of PD. 6, 7 Qiu et al. 8 concluded that high-normal blood pressure indicates the risk of PD, which is the opposite to our result. Another study reported that adiposity revealed by a higher triceps skin fold in mid-adult ages was associated with an increased risk of PD. 19 The results from the present study support the results of other studies that state that BMI does not influence the risk of PD. 20 Scigliano et al. 11 reported that diabetes, history of smoking, high blood pressure, high blood glucose, high blood cholesterol and triglycerides were significantly less frequent in PD than in controls. This reduced occurrence of CVD risk factors before the onset of PD was supported by results of the present study. When comparing smoking habits, including both former and current smokers in addition to smoking at certain occasions, women among cases had the lowest prevalence (results not shown) and differed significantly from women in the control group. Smoking is considered to be the strongest environmental protective risk factor for PD, and it has been reported from several studies including two prospective studies. 5, 21 The protecting effect from smoking on getting PD could be mediated by the higher S-TG levels in the controls in the present study. Recently, we reported a higher S-TG in smokers than in non-smokers. 22 Thus, both a low S-TG, possibly related to increased physical activity, and higher S-TG due to smoking may contribute to the risk pattern but in the opposite directions, as found in the present prospective study-a pattern that calls for further investigations.
The results of the present study support the hypothesis that intermediate level of physical activity may have a role in the development of PD. 23 The level of physical activity during leisure time was higher among cases than among controls, and it was significant for women. A moderate level of physical activity may contribute to the reduction of CVD risk factors, as in the present study with low S-TG and SBP.
Many factors may explain the divergent results from studies concerning activity and PD risk. Sasco et al. 24 concluded that regular physical exercise in college was associated with a lower, although nonsignificant, risk of PD. Two other studies also reported protective effects from physical activity, one by heavy training and the other by recreational training. 25, 26 It has been shown that aerobic training per se gives rise to lower very-lowdensity lipoprotein-TG and that the time elapsed, 2 months of training, could explain the effects. 27 The study discusses the need of distinguishing between loads and times when considering effects on serum TG levels. A negative energy balance, owing to insufficient energy and/or carbohydrate intake, can in addition explain the low S-TG levels in the present PD risk population. However, the results in the present study found that women with PD risk (cases) had a significantly higher energy intake as compared with controls (1606 vs 1446 kcal; P = 0.0296; data not shown), indicating that low S-TG rather originates from the higher level of activity. Energy intake for men did not differ between cases and controls. We decided not to include this information because of missing data on energy intake from the questionnare.
In conclusion, an improved cardiovascular risk profile may suggest a risk for PD. In other terms, controls were protected by Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; SBP, systolic blood pressure (mm Hg); S-TG, serum triglycerides; S-chol, total serum cholesterol; B-glucose, blood glucose; W/H ratio, waist/height ratio.
Triglyceride levels before PD both smoking and higher S-TG, which gives a clue for a discussion on whether triglycerides are protective for PD.
